This study compared the use of a new type of peritoneocentesis trocar with conventional laparotomy for the placement of the distal catheter in the treatment of hydrocephalus with ventriculoperitoneal shunt. A total of 376 patients with hydrocephalus were recruited to the study and were assigned randomly to undergo insertion of the distal catheter by conventional laparotomy (n = 195) or using the new peritoneal trocar (n = 181). The time taken for the surgical procedure and the complication rate over the following 1year period were compared between the two groups. The mean length of the procedure to place the distal catheter was significantly shorter in the trocar group compared with the laparotomy group. Infection and obstruction rates were significantly higher in the laparotomy group than in the trocar group. In conclusion, the use of the new trocar was associated with lower rates of surgically induced trauma and complications compared with conventional laparotomy.
Introduction
Hydrocephalus is a common brain condition that is treated by neurosurgery. The diversion of cerebrospinal fluid to relieve hydrocephalus can be accomplished by several different methods, 1,2 the most commonly used of which is the ventriculoperitoneal shunt (VPS). 3,4 Complications occur with VPS in 5 -47% of cases, the majority of which involve the peritoneal catheter. 5, 6 In conventional VPS, the peritoneal catheter is inserted at laparotomy. A further laparotomy is often necessary to solve complications with the VPS, thus increasing the risk of adhesions and their related problems. 7 Laparoscopyguided placements of the distal catheter and distal revision have been described, but this technique is not routinely used. 8 Both methods can, however, lead to dangerous complications such as trauma, infection and malfunctions of the distal or proximal sections of the shunt. 2 Since the 1960s a number of shunts have been developed, with each new design being more sophisticated and expensive than its predecessor, 9 but with only marginal improvements in efficacy. The present study was designed to investigate a 
PERITONEOCENTESIS TROCAR
The peritoneal trocar was made up of two parts -the sheath and the core needle; both sections were made of steel. The trocar was approximately 13 cm long, with an outer sheath diameter of 0.5 cm and an inner needle diameter of approximately 0.3 cm. The sheath was in a semiopened form, with a 0.3-cm width gap in the lateral wall along its length ( Fig. 1 ). 
SURGICAL PROCEDURE
Surgical procedures in both groups were carried out under general anaesthesia. The patient's skin was prepared by shaving hair from the head, neck, chest and abdomen and treatment with povidone-iodine scrub. The ventricular catheter was inserted via an occipital burr hole in the patient's skull. The distal shunt tube was then gradually inserted through the subcutaneous tissue of the anterior aspect of the neck, chest and abdomen. Placement of the peritoneal catheter was only performed after successful insertion of the ventricular catheter and fixing of the diversion drainage pump.
In group A, the peritoneal catheter was inserted by conventional laparotomy via a 4cm skin incision. In group B, the peritoneocentesis trocar was inserted into the left side of the abdomen at a 45°angle via a 0.5-cm skin incision. Once the trocar had punctured the peritoneum, marked by the sensation of overcoming resistance, it was inserted into the peritoneal cavity and the needle core was removed. The shunt catheter was then inserted into the peritoneal cavity through the hard channel of the introducer sheath, the sheath was removed and the skin incision was closed (Fig. 2) . Throughout the procedure, the shunt device was held with surgical forceps in order to avoid direct contact.
STUDY ASSESSMENTS
The time taken for the surgical procedure and the complication rate over the following 1-year period were compared in the two groups.
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 17.0 Data are presented as mean ± SD or as numbers and percentages. Differences between the two groups were analysed using analysis of variance (ANOVA), the χ 2 -test and Fisher's t-test as appropriate. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 376 patients with hydrocephalus were recruited to the study. The hydrocephalus had multiple aetiologies (Table 1 ) and the age of the patients ranged from 6 to 81 years (mean ± SD 30.2 ± 31.6 years). In 195 patients the distal catheter was inserted using the conventional laparotomy technique (group A) and in 181 patients it was inserted using the new peritoneal trocar technique (group B). The mean ± SD operating time was 48.12 ± 33.53 min.
The operative data and complication rates for the two groups are given in Table 2 . The mean ± SD length of the procedure to place the distal catheter was 7 ± 1.5 min in group B, compared with 31 ± 7.5 min in group A; this difference was statistically significant (P < 0.001 using ANOVA).
During the first 12 months after surgery, there was a significantly higher shunt infection rate in group A compared with group B (P = 0.004; χ 2 -test). Similarly, in group A the obstruction rate was significantly higher than in group B (P = 0.025; Fisher's exact test).
Discussion
Ventriculoperitoneal shunts are commonly used to treat obstructive or normal pressure hydrocephalus but have a relatively high complication rate. 8,10 Infection and obstruction remain serious problems associated with the use of shunts. 11 -13 In most cases, shunt infections occur within 2 months of surgery, which suggests that colonization of the shunt during placement plays a crucial role in the genesis of infection. 14 Shunt surgery was performed expeditiously in the present study, with a mean operating time of about 48 min, since a longer operating time has been considered as a contributing factor in shunt infection. 15, 16 Reducing the operating time can significantly lower the postoperative complication rate. 17, 18 The most common techniques for placing the distal end of the shunt include open laparotomy and laparoscopy. These methods do not, however, avoid the shortcoming of VPSs, such as long operation time, surgical complexity, operative trauma and serious complications. 19 In particular, laparoscopy has to be performed by a senior general surgeon or a neurosurgeon specializing in laparoscopy. 8, 14 The potential technical difficulties prevent laparoscopy from being widely adopted for the placement of the distal catheter. Using the newly developed peritoneocentesis trocar, the peritoneal end of the VPS can be quickly and effectively located in the peritoneal cavity. Since only a minimal incision and blunt separation of the abdominal wall are required, this new procedure can significantly reduce the 20 -22 Contamination was minimized in the present study by preparation of the skin and the avoidance of direct contact with the catheter. The experience of the surgical team was also important, as this shortened the operation time. 23 -27 In addition, not only did the new trocar enable the operation to be fast and convenient, but it also required an incision of only 0.5 cm, with smaller peritoneal and fascial openings.
In conclusion, the use of the new peritoneocentesis trocar was associated with lower rates of surgically induced trauma and fewer secondary peritoneal adhesions compared with conventional laparotomy. 28, 29 Discussion of the efficacy of different shunt systems and procedures remains vigorous. There have been few randomized controlled studies, with many reports to date subject to criticism because they were unable to control the large number of variables that may be associated with postoperative complications. In addition to complications associated with the distal catheter, other complications such as overdrainage, foreign-body reaction and malfunction of the proximal catheter can also occur. Only a larger study can investigate these issues more comprehensively. 30 Thus, a larger prospective randomized multicentre clinical study is required to increase the statistical power of future investigations.
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